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Abstract 

Nonlinear supersymmetric(NLSUSY) general relativity(GR) is considered 
and a new fundamental action of the vacuum Einstein-Hilbert(EH)-type is ob- 
tained by the Einstein gravity analogue geomtrical arguments on new space- 
time inspired by NLSUSY. The new action of NLSUSY GR is unstable and 
breaks spontaneously to EH action with matter(or New spacetime is unstable 
and induces spontaneously the phase transition to Riemann spacetime with 
matter), which may be the real shape of the big bang of the universe and give 
naturally the unified description of spacetime and matter. Some implications 
for the low energy particle physics and the cosmology are discussed. 
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1 Introduction 



NLSUSY GR is imagined by the two different arguments on the (local) supersym- 
metry(SUSY) [1][2][3] and supergravity theory [4] [5]. One is group theoretical and 
the other is geometrical arguments. SUSY is recognized as the most promissing 
notion for the unification of spacetime and matter. Prom the viewpoints of sim- 
plicity and beauty of nature the unified theory should accommodate all observed 
particles in a single irreducible representation of a certain algebra(group) especially 
in the case of spacetime having a certain boundary. Facing so many fundamen- 
tal elementary particles (more than 160 for SUSY grand unified theories(GUTs)) 
and arbitrary coupling parameters, we are tempted to suppose that they may be 
certain composites and/or that they should be attributed to the particular geomet- 
rical structure of spacetime. We have found group theoretically that among the 
massless irreducible representations of all SO(N) super-Poincarc(SP) groups N=10 
SP group is the only one that contains the strong-electroweak standard model(SM) 
with just three genarations of quarks and leptons, where we have decomposed 10 
supercharges into 10 = 5 + 5* with respect to SU(5). Regarding 10 supercharges as 
the hypothetical fudamental spin 1/2 particles (superons)-qumtet and anti-quintet, 
we have proposed the composite superon-graviton model(SGM) for nature[6], where 
all (observed) elementary particles except graviton are assumed as the superon- 
composites and are eigenstates, in the sence that they can be recasted algebraicUy 
into the equivalent local fields exphcitly, of SO (10) SP symmetry of nature. This 
group theoretical argument indicates the field- current (charge) identity^ i.e. N=10 
NLSUSY Volkov-Akulov(VA) model [2] in curved spacetime. While, the geometri- 
cal arguments are on the classical solutions of spin | gravitino in fiat spacetime of 
SUGRA. We have found that the nontrivial solution of gravitino exists on fiat space- 
time not of the Schwarzshild back ground spacetime but of the Kerr back ground 
spacetime[7]. And we have observed that the dimensional constant a of the angular 
momentum( global spin) of the Kerr solution plays a crucial role for the existence of 
the nontrivial (localized) solution and gives spacetime a nontrivial topological struc- 
ture, where two Minkowski sheets are connected through a disk of radius a [7]. (The 
solution vanishes as a — > 0.) This simple geometrical result suggests that SUSY in 
curved spacetime allows the nontrivial topological structure of spacetime (even flat 
space), i.e. not only the angular momentum degrees of frcedom(d.o.f.) but also the 
local spin d.o.f. with a dimensional constant may be embedded into fl,at sapcetime 
d.o.f.. Prom this viewpoint the gravitational interraction of NL SUSY VA model [2] 
which treats the Minkowski and the Grassman coordinates on an equal footing is an 
interesting problem. Purther the NLSUSY in curved spacetime is also interesting 
from the mass hierarchy viewpoints, for it contains naturally two mass scales, one is 
the tiny cosmological constant from NLSUSY and the other is the huge Planck mass 
provided the gravitational interaction of VA model is constructed. Prom these view- 
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points we study the gravitational interaction of spin 1/2 VA model, i.e. NLSUSY 
in curved (Riemann) spacetime and formulate the problem as NLSUSY GR. 



2 Fundamental action for NLSUSY General Rel- 
ativity 

A nonhnear supersymmetric general relativity theory(NLSUSY GRT) (or N=l SGM 
action from the composite model viewpoints) is proposed. We extend the geometrical 
arguments of Einstein general relativity theory(EGRT) on Riemann spacetime to 
new (SGM) spacetime posessing locally NL SUSY d.o.f, i.e. besides the ordinary 
S0(3,l) Minkowski coordinate the SL(2C) Grassman coordinates ip for the cosct 
space ^^^Q^^^j^^ turning subsequently to the NG fermion dynamical d.o.f. are 
attached at every curved spacetime point. Note that S0(3,l) and SL(2C) are locally 
holomorphic non-compact groups for spacetime (coordinates) d.o.f., which may be 
analogous to S0(3) and SU(2) compact groups for gauge (fields) d.o.f. of 't Hooft- 
Polyakov monopole[8] [9]. We have obtained the following NLSUSY GRT(N=1 SGM) 
action[10] of the vacuum EH-type. 

L{w) = -j^\w\{Q + A), (1) 

\w\ = detw\ = det{e\ + t\m, t\W = yX^Yd^^ - a^^7», (2) 

where w"'^{x) is the unified vierbein of SGM spacetime, G is the gravitational con- 
stant, = {^:^)~^ is a fundamental volume of four dimensional spacetime of 
VA model [2], and A is a small cosmological constant related to the strength of 
the superon-vacuum coupling constant. Therefore SGM contains two mass scales, 
(Planck scale) in the first term describing the curvature energy and k ~ ^(0(1)) 
in the second term describing the vacuum energy of SGM, which are responsible 
for the masss hierarchy, e"^ is the ordinary vierbein of EGRT describing the local 
S0(3,l) d.o.f and t°- ^{ip) itself is not the vierbein but the mimic vierbein analogue 
composed of the stress-energy-momentum tensor of superons describing the local 
SL(2C) d.o.f.. Q is a new scalar curvature analogous to the Ricci scalar curvature R 
of EGRT, whose explicit expression is obtained by just replacing e"^(x) by w"^(x) 
in Ricci scalar R [11]. 

These results can be understood intuitively by observing that w°-^{x) = e"^ + t"j^('^) 
inspired by a;" = dx" + ^{'i/j^'^dil) - di^^-^^) ~ w^i^dx'^, where is the NLSUSY 
invariant differential forms of VA[2], is invertible, i.e., 

"^^a a t^a -\- t^ pt^a t^ ut pt^ a ~l~ ^^k^ at pt^ a ~l~ ' ' ' ) (3) 
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which terminates with (t)^ and s^i, = w°'nr)abw''„ and ,s'^'^(x) = w'^ a{x)w'^"' (x) are a 
unified vierbein and a unified metric tensor of NLSUSY GRT in SGM spacetime[10, 
11]. It is straightforward to show Wa'^w^b = Vah, SfiuWa^Wh'^ = rjab, ..etc. As read out 
in (2), in contrast with EGRT we must be careful with the order of the indices of the 
tensor in NLSUSY GRT, i.e. the first and the second index of w (and t) represent 
those of the 7- matrix and the derivative on ip, respectively. It seems natural that 
the ordinary vierbein e"^ and the mimic vierbein t"^ of the stress-enery-momentum 
tensor of superon are alined and contribute equally to the unified vierbein w"-^, i.e. 
to the curvature (total energy) of unified SGM spacetime, where the fundamental 
action of NLSUSY GRT is the vacuum (empty space) action of EH-type. 
The NLSUSY GR action (1) is invariant at least under the following transformations[12]; 
the following new NLSUSY transformation 

5^^^ = + tK'{CY^)d,ilj, 5^^e% = zK\CYmP^\h (4) 

where C is a constant spinor and 9[pe"^] = ^^e"^ — 9^e"p, 
the following GL(4R) transformations due to (4) 

Scw% = Cduw\ + d.^^w^, 5^8,, = Cd^s,, + + d^^^s,^, (5) 

where = iK'^{^^'^ip), and the following local Lorentz transformation on -u;"^ 

Slw% - e\w'^ (6) 

with the local parameter = i^/'^)^iab]i^) or equivalently on ip and e"^ 

4 

Slip = -^eab^T'^V, Slc^ = e\e\ + '^e'''""'^p-i^-idij{d^ebc). (7) 
The local Lorentz transformation forms a closed algebra, for example, on e"^ 

[5L,.5L,\e\ = (5\e\ + ^e'^'<^i:^,^ai^{dM, (8) 

where (3ab — —fiba is defined by I3ab = G2ac^i'^b — ^2bc^i'^a- The commutators of two 
new NLSUSY transformations (4) on ip and e"/, are GL(4R), i.e. new NLSUSY (4) 
is the square-root of GL(4R); 

[S^„d^,]^ = S'^a^V^, [d^„d^,]e% = E%e% + e%d,E'', (9) 

where S'^ = 2iK{C2'y^Ci) ^ They show the closure of the algebra. 

The ordinary local GL(4R) invariance is trivial by the construction. Besides these 
familiar and intended symmetries, the unified vierbein w"^, therefore SGM action, 
is invariant under the following local spinor translation(ST) with the local spinor 
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paremeter 9{x); St/j = 9, Se"-^ = —iK'^{9'j°'dfj,ip + 'ip'j°'dij,9). The commutators vanish 
identically. Note that the NG fermion d.o.f. ip can be transformed (redefined) away 
neither by this local ST, in fact. w{e + de, t{ip + dijj)) = w{e + t{ip), 0) = w{e, t{ip)) 
under 9{x) = —ijj{x) as indicated (5w''^(a;) = nor by the ordinary general coordi- 
nate transformation ScLim)^"' as far as NLSUSY spacetime is preserved. Taking 
■0 = by any means makes SGM another theory(EH theory) based upon another 
fiat space(Minkowski space). This local spinor coordinate translation invariance is 
somewhat puzzling(immature) so far but is the origin of (or recasted as) the local 
spinor gauge symmetry of the linear SUSY gauge field theory (SUGRA-analogue to 
be obtained by the linearization) which is equivalent to SGM and the mass genera- 
tion through the spontaneous symmetry breakdown [13]. 

Now NLSUSY GRT action (1) is invariant at least under the following spacetime 
symmetries [12] 

[new NLSUSY] ® [local GL(4, R)] ® [local Lorentz] ® [local ST], (10) 

which is isomorphic to N=l SP group of SUGRA. The extension to N=10, i.e. 
SO(IO) SP is straightforward by taking (j = 1,2, ..10)[10]. 

As for the internal summetry we just mention that w"^ is invariant under the local 
U(l) transformation ■^j — > e^^^^^^'^j due to the Grassman(Majorana spinor) nature 
(■0j)^ — 0, i.e. (1) with N-extension is invariant at least under 

[global SO{N)] ® [local U{l)f . (11) 

Therefore the action (1) describes the vacuum energy (everything) of the ultimate 
spacetime and is NLSUSY GRT, a nontrivial generalization of the EH action. It 
should be noticed that SGM action (1) poscsses two types of fiat space which are 
not equivalent, i.e. SGM-fiat(w%(a;) — > 5"^) and Riemann-fiat(e"^(a;) — >• 5"'^). As 
discussed later this structure plays impotant roles in the spontaneous breakdown of 
spacetime and in the cosmology of SGM (1). 

3 Discussions 

The linearization of NLSUSY GRT(N=1 SGM) action (1), i.e. the construction 
(identification) of the renormalizable and local LSUSY gauge field theory which is 
equivalent to (1), is inevitable to derive the SM as the low energy effective theory. 
Particularly N=10 must be linearized to test the composite SGM scenario, though 
some characterictic and accessible predictions, e.g. nutrino- and quark-mxings, pro- 
ton stabihty, CP violation, the generation structure., etc. are obtained qualita- 
tively by the group theoretical arguments [6] [10]. The hnearizations of N=l and 
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N=2 NLSUSY VA action in flat spacetime have been carried out explicitly by the 
systematic arguments and show that they are equivalent to the LSUSY actions with 
Fayet-Iliopoulos terms for the scalar (or axial vector) supermultiplet[14] [15] and the 
vector supermultiplet[16], respectively. These exact results obtained systematically 
as the representations of the symmetries by the algebraic arguments are favourable 
and encoraging towards the linearization of SGM and the (composite) SGM sce- 
nario. We anticipate that the local spacetime symmetries of SGM mentioned above 
plays crucial roles in the linearization, especially in constructing the SUSY invariant 
relations[14, 15]. 

We regard that the ultimate real shape of nature is high symmetric new(SGM) 
spacetime inspired by NLSUSY, where the coset space coordinates ip of ^^^q^ur)^^ 
turning to the NG fermion d.o.f. in addition to the ordinaly Minkowski coordinate 
a:", i.e. local SL{2C) x local 5*0(3, 1) d.o.f., are attached at every spacetime point. 
The geometry of new spacetime is described by SGM action (1) of vacuum EH-type 
and gives the unifled description of nature. As proved for EH action of GR[17], the 
energy of NLSUSY GR action of EH-type is anticipated to be positive ( A > 0). 
NLSUSY GR action (1), L{w) ~ wQ + wA, on SGM spacetime is unstable and 
induces the spontaneous (symmetry) breakdown into EH action with NG fermion 
(massless superon-quintet) matter, L{e, ip) ^ eR + eA +{■■■ K,ip ■■ on ordi- 

nary Riemann spacetime, for the curvature-energy potential of SGM spacetime is 
released into the potential of Riemann spacetime and the energy-momentum of 
superon(matter), i.e. wQ, > eR. As mentioned before SGM action poseses two dif- 
ferent flat spaces. One is SGM-flat {w"'^{x) 5°" ^) space of NLSUSY GR action 
L{w). And the other is Riemann-flat (e"^(x) 5"^) space of SGM action L{e,ip) 
which allows (generalized) NLSUSY VA action. This can be regarded as the phase 
transition of spacetime from SGM to Riemann (with NG fermion matter). Also 
this may be the birth of the present expanding universe, i.e. the big bang and the 
rapid expansion (inflation) of spacetime and matter. And we think that the birth 
of the present universe by the spontaneous breakdown of SGM spacetime described 
by vacuum action of EH-type (1) may explain qualitatively the observed critical 
value(~ 1) of the energy density of the universe. It is interesting if SGM could 
give new insights into the unsolved problems of the cosmology, e.g. the origins(real 
shapes) of the big bang, inflation, dark energy, matter- antimatter asymmetry, • • •, 
etc. 

In this study we have attempted a geometrical uniflcation of spacetime and mat- 
ter. New (SGM) spacetime is the ultimate physical entity and specifled by NLSUSY 
GRT (SGM action) (1) of vacuum EH-type. The study of the vacuum structure of 
SGM action in the broken phase (i.e. NLSUSY GRT action in Riemann spacetime 
with matter) is important for linearizing SGM and to obtain the equivalent local 
LSUSY gauge held theory. 
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SGM with the extra dimensions, which can be constructed straightforwardly 
and gives another unification framework by regarding the observed particles as el- 
ementary, is open. In this case there are two mechanisms for the conversion of the 
spacetime d.o.f. into the dynamical d.o.f., i.e. by the compactification of Kaluza- 
Klein type and by the new mechanism presented in SGM. 

By extending the arguments to spin 3/2 NG fermion [18] we have obtained SGM 
with spin 3/2 fermion [19]. 
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